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(54) Supercharger for internal combustion engine 



(57) A first compressor (1 a) which supercharges in- 
take air is provided in the intake passage (6, 20, 21) of 
an internal combustion engine (12). The first compres- 
sor (1a) is driven by the exhaust gas energy of the en- 
gine (12). A second compressor (2a) driven by an elec- 
tric motor (2b), and a bypass valve (3) which bypasses 
the second compressor (2a), are provided in the intake 



passage (7, 20, 21) between the first compressor (1a) 
and the engine (12). The bypass valve (3) shifts from 
the open state to the closed state according to the op- 
eration of the second compressor (2a). At this time, the 
bypass valve (3) starts closing at some time after startup 
of the second compressor (2a) so that the intake air 
amount of the engine (12) is not deficient. 
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Description 

FIELD OF THE INVENTION 

[0001 ] This invention relates to the supercharging of 5 
an internal combustion engine. 

BACKGROUND OF THE INVENTION 

[0002] JP2002-021 573A published by the Japanese 
Patent Office in 2002 discloses a turbocharger and an 
electric supercharger used together for an internal com- 
bustion enginefor vehicles, in orderto obtain a desirable 
supercharging performance. 

[0003] The electric supercharger comprised a com- 
pressor driven by an electric motor, this compressor and 
the compressor of the turbocharger being arranged in 
series in an engine intake passage. 
[0004] JP2000-230427A published by the Japanese 
Patent Office in 2000 discloses an electric supercharger 
in the intake passage of an Internal combustion engine, 
and a bypass valve which bypasses the electric super- 
charger. The bypass valve is closed when the electric 
supercharger is operated, i.e., during supercharging, 
and is opened when the electric supercharger is not op- 
erated, i.e., during natural aspiration. 

SUMMARY OF THE INVENTION 

[0005] Due to the fact that the turbocharger drives the 
compressor using engine exhaust gas energy, a delay 
referred to as a turbo lag is produced in the supercharg- 
ing response during engine acceleration. The electric 
supercharger drives the compressor using electrical en- 
ergy, so the response is faster than that of the turbo- 
charger, but it cannot be avoided that a certain amount 
of lag arises due to rotational inertia resistance of rota- 
tion components with respect to the timing they start ro- 
tation and the timing the rotation speed reaches the re- 
quired speed for supercharging. 
[0006] In the period equivalent to this lag when the 
turbocharger and electric supercharger are connected 
in series, the electric supercharger conversely becomes 
a resistance to intake air, lowers the engine intake air 
amount compared to the natural intake air amount, and 
interferes with engine acceleration. 
[0007] As a countermeasure against this drawback, it 
is possible to provide a bypass valve as disclosed in 
JP2000-230427A. However, if the opening and closing 
of the bypass valve is simply interlocked with the oper- 
ation of the electric supercharger as In 
JP2000-230427A, as the bypass valve closes simulta- 
neously with startup of the electric supercharger, there 
is the problem that the intake air amount decreases tem- 
porarily due to the resistance to intake air presented by 
the electric supercharger immediately after startup, i.e., 
the problem is not resolved. Moreover, as the bypass 
valve opens simultaneously with the operation stop of 



the electric supercharger, the intake air supercharged 
by the electric supercharger escapes from the bypass 
valve upstream, and the engine intake air amount de- 
creases rapidly. Such a rapid decrease of intake air 
amount results in undesirable changes to the engine 
output torque or the air-fuel ratio of the air-fuel mixture 
supplied to the engine. 

[0008] It is therefore an object of this invention to op- 
timize the supercharging response of a supercharging 
device using a turbocharger and an electric supercharg- 
er together. 

[0009] In order to achieve the above object, this in- 
vention provides a supercharging device for such an in- 
ternal combustion engine that comprises an intake pas- 
sage The device comprises a first compressor installed 
in the intake passage, a second compressor installed in 
the intake passage between the first compressor and 
engine, and a bypass valve which bypasses the second 
compressor, 

[001 0] The first compressor is driven by exhaust gas 
energy and supercharges intake air in the intake pas- 
sage. The second compressor is driven by an electric 
motor and supercharges air discharged from the first 
compressor; The bypass valve is open when the second 
compressor is not operating, and starts to close at a cer- 
tain time after the second compressor starts to operate. 
[0011] The details as well as other features and ad- 
vantages of this invention are set forth in the remainder 
of the specification and are shown in the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 is a schematic diagram of an internal 
combustion engine provided with a supercharging de- 
vice according to this invention. 
[0013] FIG. 2 is a flowchart describing an initial super- 
charging control routine performed by the controller of 
this invention. 

[0014] FIG. 3 is a diagram describing the operation 
characteristics of an electric motor used in the electric 
supercharger according to this invention. 
[0015] FIG. 4 is similar to FIG. 1 . but showing a sec- 
ond embodiment of this invention. 
[001 6] FIG. 5 is similarto FIG. 2. but showing the sec- 
ond embodiment of this invention. 
[0017] FIG. 6 is a schematic diagram of an internal 
combustion engine provided with a supercharging de- 
vice according to a third embodiment of this invention. 
[0018] FIG. 7 is a schematic diagram of an electric su- 
percharger according to a fourth embodiment of this in- 
vention. 

[0019] FIG. 8 is a schematic diagram of an internal 
combustion engine provided with a supercharging de- 
vice according to a fifth embodiment of this invention. 
[0020] FIG. 9 is a schematic diagram of an internal 
combustion engine provided with a supercharging de- 
vice according to a sixth embodiment of this invention. 
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[0021] FIG. 10 is a flowchart describing an initial su- 
percharging control routine performed by a controller 
according to a seventh embodiment of this invention. 
[0022] FIG. 11 is a flowchart describing a subroutine 
for calculating a predicted rotation speed /VFperformed 
by the controller according to the seventh embodiment 
of this invention. 

[0023] FIG. 1 2 is a diagram describing the character- 
istics of a map of a rotation increase rate estimation val- 
ue ANMAPsXoreti by the controller according to the sev- 
enth embodiment of this invention. 
[0024] FIGs. 13A-13Earetimingchartsdescribingthe 
starting of an electric motor and the closure timing of a 
bypass valve according to the seventh embodiment of 
this invention. 

[0025] FIG. 1 4 is a diagram describing the character- 
istics of a map of a reference rotation increase rate es- 
timation value ANO stored by the controller according to 
the seventh embodiment of this invention. 
[0026] FIG. 1 5 is a diagram describing the character- 
istics of a map of a reference current value 1 0 stored by 
the controller according to the seventh embodiment of 
this invention. 

[0027] FIG. 1 6 is a diagram describing the character- 
istics of a map of a reference voltage value VO stored 
by the controller according to the seventh embodiment 
of this invention. 

[0028] FIG. 1 7 is a diagram describing the character- 
istics of a rotation speed difference AA/set by a controller 
according to an eighth embodiment of this invention. 
[0029] FIG. 18 is a schematic diagram of an internal 
combustion engine provided with a supercharging de- 
vice according to a ninth embodiment of this invention. 
[0030] FIG. 19 is a flowchart describing a fault diag- 
nosis routine in the steady state performed by the con- 
troller according to the ninth embodiment of this inven- 
tion. 

[0031] FIG. 20 is a flowchart describing a fault diag- 
nosis routine immediately after stopping supercharging 
performed by the controller according to the ninth em- 
bodiment of this invention. 

[0032] FIG. 21 is a flowchart describing a fault 
processing routine performed by the controller accord- 
ing to the ninth embodiment of this invention. 
[0033] FIG. 22 is a flowchart describing a fault 
processing routine performed by a controller according 
to a tenth embodiment of this invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0034] Referring to FIG. 1 of the drawings, an internal 
combustion engine 12 for a vehicle internally bums a 
mixture of fuel and air aspirated from intake passages 
6, 20, 21 , and rotates due to the combustion energy. 
[0035] The exhaust gas produced by combustion is 
discharged from exhaust passages 50, 51 . 
[0036] The intake passages 6 and 20 are connected 



via a compressor 1 a of a turbocharger 1 . 
[0037] The exhaust passages 50 and 51 are connect- 
ed via an exhaust gas turbine 1 b of the turbocharger 1 . 
[0038] The compressor 1 a corresponds to a first com- 
5 pressor as defined in the claims. 

[0039] The exhaust gas turbine 1 b rotates due to the 
energy of the exhaust gas which flows from the exhaust 
passage 50, and rotates together with the compressor 

I a connected via a shaft 1 c. The exhaust gas which ro- 
10 tated the exhaust gas turbine 1 b flows into the exhaust 

passage 51 . The rotating compressor 1 a aspirates and 
pressurizes air from the intake passage 6, and discharg- 
es it to the intake passage 20. 
[0040] An air cleaner 1 3 is provided in the intake pas- 

15 sage 6. Intake passages 20, 21 are connected via a 
compressor 2a of the electric supercharger 2, and by a 
bypass passage 7 which bypasses the compressor 2a. 
The compressor 2a corresponds to a second compres- 
sor as defined in the claims. 

20 [0041 ] The electric supercharger 2 is provided with an 
electric motor 2b which drives the compressor 2a ac- 
cording to a signal from a controller 4, and a shaft 2c 
which transmits the rotation of the electric motor 2b to 
the compressor 2a. The compressor 2a aspirates and 

25 pressurizes the air in the intake passage 20 by rotation 
of the electric motor 2b, and discharges it to the intake 
passage 21 . A throttle 31a is provided in the intake pas- 
sage 21 . The throttle 31 a is interlocked with the depres- 
sion amount of an accelerator pedal with which the ve- 

30 hide is provided, and changes the intake cross-section- 
al area of the intake passage 21 . 
[0042] A bypass valve 3 is provided in the bypass pas- 
sage 7. The bypass valve 3 is driven by an actuator 3b, 
and opens and closes the bypass passage 7 according 

35 to a signal from the controller 4. The controller 4 com- 
prises a microcomputer provided with a central process- 
ing unit (CPU), read-only memory (ROM), random ac- 
cess memory (RAM) and I/O interface (I/O interface). It 
is also possible to form the controller from plural micro- 

40 computers. 

[0043] To control the electric supercharger 2 and by- 
pass valve 3 by the controller 4, an air flowmeter 5 which 
detects an air flowrate Oa of the intake passage 6, pres- 
sure sensor 8 which detects a pressure P1 of the intake 

45 passage 20, pressure sensor 9 which detects a pres- 
sure P2o\ the intake passage 21 , rotation speed sensor 

II which detects a rotation speed Nc of the compressor 
2a, throttle speed sensor 31 which detects an operating 
speed 77) of the throttle 31 a and air temperature sensor 

so 32 which detects a temperature 7a of the air pressurized 
by the compressor 2a, are provided. The detection data 
from each of these sensors is inputted into the controller 
4 via a signal circuit shown by the thin line arrow of the 
drawing. The pressure Pi corresponds to a first pres- 

55 sure as defined in the claims, and a pressure P2 corre- 
sponds to the second pressure as defined in the claims, 
respectively. 

[0044] Next, referring to FIG. 2, the initial supercharg- 
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ing control routine performed by the controller 4 will be 
described. This routine is performed at an interval of ten 
milliseconds during operation of the engine 1 2. Initial su- 
percharging control specifically means control from 
starting to stopping of the compressor 2a of the electric 
supercharger 2. 

[0045] Supercharging is performed by the turbo- 
charger 2 during acceleration of the engine 1 2. This rou- 
tine aims for supercharging control of the turbo lag pe- 
riod until the boost pressure of the turbocharger 2 reach- 
es the effective pressure from the acceleration require- 
ment. 

[0046] First, in a step S1 1 , the controller 4 determines 
whether or not acceleration of the engine 12 is required 
from a throttle operation speed 77? inputted from the 
throttle speed sensor 31 . Specifically, it is determined 
whether or not the throttle operation speed Th exceeds 
a predetermined value. Herein, the throttle operation 
speed Th assumes the speed in the opening direction 
is a positive value, and assumes the predetermined val- 
ue is a positive value. A typical value of the predeter- 
mined value is 30 degrees per 1 00 milliseconds. The 
throttle speed sensor 31 corresponds to a parameter de- 
tection sensor relating to the acceleration requirement 
of the engine 12. 

[0047] When acceleration is not required in the step 
S11 , after resetting a state flag Fto zero in a step S13, 
the controller 4 terminates the routine. The state flag F 
is a flag showing whether or not the initial supercharging 
processing has completed regarding the acceleration 
requirement of the engine 12, and as long as there is no 
acceleration requirement, it is always maintained at ze- 
ro. Moreover, it is set to unity when this processing is 
completed as described hereafter. 
[0048] When acceleration is required in the step S11 , 
the controller 4 determines whether or not the state flag 
Fis zero in a step S12. When the state flag Fis not zero, 
the routine is terminated without proceeding to further 
steps. When the state flag Fis zero in the step S12, it 
means that there is an acceleration requirement and the 
above processing is not complete. In that case, the con- 
troller 4, in a step S14, determines whether the com- 
pressor 2a is being operated. 

[0049] When the compressor 2a is not being operat- 
ed, the controller 4, in a step S16, after energizing the 
electric motor 2b and starting operation of the compres- 
sor 2a, terminates the routine. 
[0050] When operation of the compressor 2a is al- 
ready being performed, the controller 4, in a step S15, 
determines whether or not the bypass valve 3 is open. 
[0051 ] When the bypass valve 3 is open , the control ler 
4 determines in a step S1 7 whether or not a flow Qs of 
air discharged by the compressor 2a of the electric su- 
percharger 2 has reached an air flowrate Qa detected 
by the air flowmeter 5. 

[0052] Herein, the air flowrate Qs discharged by the 
compressor 2a, is calculated by the following equation 
(1) using the rotation speed Nc of the compressor 2a 



detected by the rotation speed sensor 11 , the pressure 
P1 of the intake passage 20 detected by the pressure 
sensor 8, and the air temperature 7a of the intake pas- 
sage 20 detected by the temperature sensor 32. 

5 

Qs=COEF~^ (1) 

where, COEF= conversion factor. 
10 [0053] The air flowrate Qs calculated by equation (1 ) 
and the air flowrate Qa detected by the air flowmeter 5 
are both mass flowrates. 

[0054] All the intake air of the engine 12 passes the 
airflow meter 5. Therefore, when the air flowrate Osdis- 

15 charged by the compressor 2a reaches the air flowrate 
Qa of the air flowmeter 5, it means that all of the intake 
air passes via the compressor 2a, and the flowrate of 
the bypass valve 3 is substantially zero. Alternatively, it 
means that the compressor 2a has reached the rotation 

20 speed which is sufficient to satisfy the supercharging re- 
quired by the engine 12. 

[0055] If the determination of the step S1 7 is affirma- 
tive, the controller 4 closes the bypass valve 3 in a step 
S19 and terminates the routine. If the determination of 
25 the step S1 7 is negative, the controller 4 terminates the 
routine immediately without proceeding to the step S1 9. 
[0056] On the other hand, in the step S15, when the 
bypass valve 3 is not open, the controller 4, in a step 

518, determines whether or not the pressure Pi of the 
30 intake passage 20 is more than the pressure P2 of the 

intake passage 21 . When the pressure P1 of the intake 
passage 21 is less than the pressure P2 of the intake 
passage 20, the controller 4 terminates the routine im- 
mediately. 

35 [0057] If the pressure P1 of the intake passage 21 is 
more than the pressure P2 of the intake passage 20, in 
a step S20, the controller 4 opens the bypass valve 3, 
and in a step S21 , stops operation of the compressor 
2a, sets the state flag Fto unity in the step S21 , and 

40 terminates the routine. 

[0058] According to th is routine, when acceleration of 
the engine 1 2 is required, as soon as the bypass valve 
3 has opened, the compressor 2a starts. After this, a 
change of Intake air amount of the engine 12 accompa- 

^5 nying closure of the bypass valve 3 can be prevented 
by keeping the bypass valve 3 open until the flowrate of 
the bypass valve 3 effectively becomes zero in the step 
S17, or until the compressor 2a reaches the rotation 
speed required for supercharging. 

50 [0059] After closing the bypass valve 3 in the step 

519, the controller 4 continues operation of the com- 
pressor 2a until the pressure P1 of the intake passage 
20 reaches the pressure P2 of the intake passage 21 . 
If the pressure P1 of the intake passage 20 becomes 

55 more than the pressure P2 in the intake passage 21 , it 
means that the boost pressure of the turbocharger 1 has 
risen and that supercharging can be performed only by 
the turbocharger 1 . 
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[0060] If this condition is satisfied in the step S1 8, the 
controller 4 opens the bypass valve 3, and stops oper- 
ation of the compressor 2a. Also, the state flag F is set 
to unity which shows completion of initial supercharging 
processing. The reason why the bypass valve 3 is 
closed until the pressure P1 of the intake passage 20 
becomes more than the pressure P2 of the intake pas- 
sage 21 in the step S18, is to prevent air flowing back- 
wards from the intake passage 21 to the intake passage 
20 via the bypass valve 3. 

[0061 ] If the air in the intake passage 21 flows back- 
wards to the intake passage 20, the intake air amount 
of the engine 12 will decrease and the air-fuel ratio of 
the fuel-air mixture burnt by the engine 1 2 or the output 
torque of the engine 12 will vary. After the pressure P1 
of the intake passage 20 reaches the pressure P2of the 
intake passage 21 , if the bypass valve 3 is opened, the 
change-over to the turbocharger 1 from the electric su- 
percharger 2 can be performed smoothly without the air 
supplied to the engine 12 flowing backwards to the in- 
take passage 20, and affecting exhaust gas composition 
and output torque. 

[0062] During subsequent acceleration operation of 
the engine 12, as the determination result of the step 
S1 2 becomes negative, essentially none of the process- 
ing of this routine is performed, and operation of the en- 
gine 12 is performed under supercharging by the turbo- 
charger 1 . When acceleration is no longer required, the 
state flag Fis resettozero in a step S13, and the routine 
continues resetting the state flag Fto zero henceforth 
at every execution of the routine until an acceleration 
requirement is detected. 

[0063] According to this routine, determination of the 
acceleration requirement of the engine 12 in the step 
S11 is performed based on the throttle operation speed 
Th, but it may also be determined based on the throttle 
opening or accelerator pedal depression amount. For 
example, the accelerator pedal depression amount is 
detected by an accelerator pedal depression sensor 56. 
The depression amount is compared with the predeter- 
mined amount and when the depression amount is larg- 
er than the predetermined amount at a given engine ro- 
tation speed in the step S 1 1 , the controller 4 determines 
that the acceleration of the engine 12 is required. The 
predetermined amount depends on the engine rotation 
speed and is set to, for example, 15 degrees at 1200 
revolutions per minute (rpm), 20 degrees at 2000 mm, 
and 40 degrees at 3000 rpm. 

[0064] Also according to this routine, the discharge air 
f lowrate Qs of the compressor 2a is calculated by the 
equation (1 ) in the step S1 7, but the air flowrate Qs may 
also be calculated by another method not based on the 
equation (1). 

[0065] That is, the voltage and current supplied to the 
electric motor 2b are detected using a voltmeter 33 and 
an ammeter 34, and the rotation speed of the electric 
motor 2b is calculated from the voltage and current by 
looking up a map of the characteristics of the electric 



8 

motor 2b shown in FIG. 3 which is prestored in the mem- 
ory (ROM) of the controller 4. 

[0066] FIG. 3 shows the relation between the gener- 
ated torque, rotation speed and generated power of the 

5 electric motor 2b to the current and voltage supplied to 
the electric motor 2b. As shown in this diagram, when 
the current becomes large, the generated torque in- 
creases but the voltage and rotation speed decrease. 
The generated power increases with the current to the 

10 vicinity of 300 amperes [A], reaches a maximum near 
300 amperes [A], and if the current increases more than 
this, it starts to decrease. 

[0067] The controller 4 calculates the rotation speed 
Nc of the compressor 2a from the calculated rotation 

is speed of the electric motor 2b. In this embodiment, as 
the electric motor 2b and compressor 2a are directly 
connected by the shaft 2c, the rotation speed Nc of the 
compressor 2a is equal to the rotation speed of the elec- 
tric motor 2b. The controller 4 further calculates the dis- 

20 charge air flowrate Qs of the compressor 2a by the fol- 
lowing equation (2) from a discharge flow amount qu per 
rotation of the compressor 2a which is found beforehand 
from the specification of the compressor 2a, and the ro- 
tation speed Nc of the compressor 2a. 

25 

Qs=quNc (2) 

[0068] Thus, when calculating the discharge air f low- 
30 rate Qs of the compressor from the current and voltage 
supplied to the electric motor 2a, the rotation speed sen- 
sor 1 1 and the air temperature sensor 32 can be omitted. 
[0069] Next, referring to FIGs. 4 and 5, a second em- 
bodiment of this invention will be described. 
35 [0070] First, referring to FIG. 4, in this embodiment, a 
second air flowmeter 40 which detects a bypass flowrate 
Qb is installed upstream of the bypass valve 3 of the 
bypass passage 7. 

[0071 ] Also, the air temperature sensor 32 and the ro- 
40 tation speed sensor 11 of the compressor 2a provided 
in the first embodiment are omitted in this embodiment. 
The other features of the hardware of the supercharging 
device are identical to those of the first embodiment. 
[0072] In the first embodiment, when the flowrate Qs 
45 of the compressor 2a is calculated using equation (1) 
from the rotation speed Afc of the compressor 2a, the 
pressure P1 of the intake passage 20 and the intake air 
temperature 7a in the step S17 of FIG. 2, and the flow- 
rate Qs becomes equal to the intake air flowrate Qa de- 
50 tected by the air flowmeter 5, in a step S1 9, the bypass 
valve 3 is closed. 

[0073] On the other hand, in this embodiment, the in- 
itial supercharging control routine shown in FIG. 5 is per- 
formed instead of the initial supercharging control rou- 
55 tine of FIG. 2. 

[0074] In the routine of FIG. 5, a step S1 7A is provided 

instead of the step S1 7 of FIG. 2. 

[0075] In the step S1 7A, the controller 4 determines 
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whether or not the bypass flowrate Qb is zero. When the 
bypass flowrate Qb is zero, in a step S19, the controller 
4 closes the bypass valve 3. When the bypass flowrate 
Qb is not zero, the processing of steps S1 8-S22 is per- 
formed. The processing other than that of the step S1 7A 5 
is identical to that of the routine of FIG. 2. 
[0076] According to this embodiment, the bypass 
valve 3 is closed after the bypass flowrate Qb becomes 
zero after starting the compressor 2a, so even if the by- 
pass valve 3 is closed, the intake air amount of the en- 
gine 1 2 does not change, and reduction of the intake air 
amount of the engine 12 accompanying closure of the 
bypass valve 3 can be prevented as in the first embod- 
iment. 

[0077] The effects of the above embodiments are as 
follows. 

[0078] (1 ) I n the state where exhaust gas pressure is 
low as in the low rotation speed region of the engine 12 
and the turbocharger 1 cannot perform supercharging 
sufficiently, the lack of supercharging performance of 
the turbocharger 1 can be compensated by the electric 
supercharger 2. As the bypass valve 3 is opened after 
the turbocharger 1 is in the state where supercharging 
can be sufficiently performed, the air which subsequent- 
ly moves from the intake passage 20 to the intake pas- 
sage 21 passes not via the compressor 2a in the stop 
state but along the bypass passage 7 which has less 
resistance. Therefore, the compressor 2a does not lead 
to a pressure loss of supercharging by the turbocharger 
1. 

[0079] (2) The bypass valve 3 is always opened when 
the compressor 2a starts, and air moves from the intake 
passage 20 to the intake passage 21 via both the com- 
pressor 2a and the bypass passage 7. Therefore, even 
if the compressor 2a is in the state where the rotation 
speed is low immediately after starting, it does not 
present a resistance to aspiration by the engine 12. As 
a result, there is no temporary reduction of the intake air 
amount of the engine 12 accompanying the starting of 
the compressor 2a. 

[0080] (3) As the bypass valve 3 is closed when the 
flowrate of the bypass valve 3 is effectively zero, the clo- 
sure of the bypass valve 3 does not cause a change in 
the intake air amount of the engine 12. 
[0081] (4) As the bypass valve 3 is opened when the 
pressure P1 of the intake passage 20 and the pressure 
P2 of the intake passage 21 become equal, even if the 
bypass valve 3 is opened, air does not flow backwards 
in the bypass passage 7. In other words, the opening of 
the bypass valve 3 does not cause a change of the in- 
take air amount of the engine 12. 
[0082] Hence, as the effect of opening and closing of 
the bypass valve 3 in the early stages of supercharging 
on the intake air amount of the engine 12 is eliminated, 
after supercharging starts, the intake air amount of the 
engine 12 increases smoothly and with a good re- 
sponse, and a satisfactory accelerating performance is 
obtained. Also, as the intake air amount of the engine 



12 does not change suddenly, a change of the air-fuel 
ratio of the fuel-air mixture which is burnt and a change 
of output torque can also be prevented. 
[0083] In all the above embodiments, the closure of 
the bypass valve 3 was delayed until the flowrate of the 
bypass valve 3 became zero after starting the compres- 
sor 2a, but a similar effect can be obtained by delaying 
closure of the bypass valve 3 to a certain time after start- 
ing operation of the compressor 2a, e.g., opening the 
bypass valve 3 at a predetermined time from the starting 
of the compressor 2a, or opening the bypass valve 3 
when the rotation speed /vcof the compressor 2a reach- 
es a predetermined speed. 

[0084] Although the above embodiments relate to a 
supercharging device provided with the compressor 1a 
upstream of the compressor 1a, this invention can be 
applied also to a supercharging device comprising only 
the compressor 2a and bypass valve 3 as in the above 
prior art example JP2000-230427A. Moreover, it is not 
limited to cases where the drive force of the compressor 
2a is the electric motor 2b, and can be applied to various 
rotary drive devices including an exhaust gas turbine. 
[0085] Next, referring to FIG. 6, a third embodiment 
of this invention will be described. 
[0086] The supercharging device according to this 
embodiment is provided with an intercooler 45 between 
a branch point with the bypass passage 7 of the intake 
passage 20, and the compressor 1 a of the turbocharger 
1 . The remaining features of the construction are iden- 
tical to those of the supercharging device according to 
the first or second embodiments. Due to the intercooler 
45, air compressed by the compressor 1a which is at a 
high temperature, is cooled. As a result, as the heat 
amount transmitted to the electric motor 2b via the shaft 
2c from the compressor 2a becomes small, the operat- 
ing efficiency of the electric motor 2b improves, and the 
acceleration performance of the supercharging device 
improves. Also, as the temperature rise of the electric 
motor 2b is controlled, if the boost pressure of the tur- 
bocharger 1 does not rise for example when climbing a 
mountain road, supercharging by the compressor 2a 
can be performed over a long period. 
[0087] Next, referring to FIG. 7, a fourth embodiment 
of this invention will be described. 
[0088] The electric supercharger 2 according to this 
embodiment connects the compressor 2a and electric 
motor 2b via pulleys 42, 43 and a belt 44 instead of di- 
rectly connecting via the shaft 2c. The pulley 42 is con- 
nected to the compressor 2a, and the pulley 43 is con- 
nected to the electric motor 2b, respectively, and the belt 
44 is looped around the pulleys 42 and 43. The remain- 
ing features of the construction are identical to those of 
the third embodiment. 

[0089] Due to this construction, the amount of heat 
transfer from the compressor 2a to the electric motor 2b 
can be further reduced. Also, by setting the outer diam- 
eter of the pulley 43 to be larger than the outer diameter 
of the pulley 42, the rotation of the electric motor 2b can 
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be accelerated and transmitted to the compressor 2a, 
and the boost pressure of the compressor 2a can be 
increased. 

[0090] Next, referring to FIG. 8, a fifth embodiment of 
this invention will be described. 
[0091 ] In this embodiment, a first intercooler45 is pro- 
vided between the branch point with the bypass pas- 
sage 7 of the intake passage 20, and the compressor 
2a, and a second intercooler46 is provided between the 
branch point of the bypass passage 7 of the intake pas- 
sage 21 , and the engine 12. The remaining hardware is 
identical to that of the first embodiment. 
[0092] In this embodiment, the air aspirated by the 
compressor 2b is cooled by the first intercooler 45 as in 
the third embodiment. As a result, as the heat amount 
transmitted to the electric motor 2b via the shaft 2c from 
the compressor 2a becomes small, the operating effi- 
ciency of the electric motor 2b improves, and the accel- 
eration performance of the supercharging device im- 
proves. Also, as the temperature rise of the electric mo- 
tor 2b is controlled, if the boost pressure of the turbo- 
charger 1 does not rise for example when climbing a 
mountain road, supercharging can be performed by the 
compressor 2a over a long time period. Also, as the sec- 
ond intercooler 46 cools both the air discharged from 
the compressor 2a and the air from the bypass passage 
7, and supplies the engine 1 2, the intake air temperature 
of the engine 12 is always maintained within a desirable 
range. 

[0093] Next, a sixth embodiment of this invention will 
be described referring to FIG. 9. 
[0094] In this embodiment, the first intercooler 45 is 
disposed between the branch point of the bypass pas- 
sage 7 of the intake passage, and the compressor 1a of 
the turbocharger 1 . The remaining features of the com- 
position are identical to those of the fifth embodiment. 
[0095] According to this embodiment, the air dis- 
charged from the compressor 1a passes through the 
two intercoolers 45 and 46 irrespective-of the operation 
of the compressor 2a. 

[0096] In the high load operating region of the engine 
12, when the boost pressure due to the compressor 1a 
is increased, the compressor 2a stops operation and all 
air is supplied to the engine 12 from the bypass passage 
7. According to this embodiment, cooling of intake air is 
performed also in this state by the two intercoolers 45 
and 46, so cooling efficiency is higher than in the fifth 
embodiment, and it is possible to make the capacity of 
the intercooler 46 small. 

[0097] Next, referring to FIGs. 1 0-1 2, FIGs. 1 3A-1 3E 
and FIGs 14-16, a seventh embodiment of this invention 
will be described. 

[0098] In each of above mentioned embodiments, as 
shown for example in the Steps S1 7, S1 9 of the first em- 
bodiment, the bypass valve 3 is closed when the flow- 
rate of the bypass valve 3 is effectively zero. In this case, 
a closure signal is outputted to the actuator 3b from the 
controller 4, and it takes some time for the bypass valve 



12 

3 to rotate from a fully open position to a fully closed 
position. This required time introduced a delay into the 
control of the bypass valve 3. Consequently, as the ro- 
tation speed of the electric motor 2b rises during this 

5 delay, part of the air discharged from the compressor 2a 
flows backwards to the intake passage 20 via the by- 
pass valve 3 before it has been closed. As a result, when 
the bypass valve 3 has completely closed, the intake air 
volume of the engine 12 rapidly increases, and a step- 

10 wise difference may appear in the output torque. 

[0099] The main feature of this embodiment is that the 
rotation speed variation of the electric motor 2b is pre- 
dicted, and a closure signal is output to the actuator 3b 
based on the predicted rotation speed so that a stepwise 

is difference does not arise in the output torque of the en- 
gine 12 due to closure of the bypass valve 3. 
[0100] The construction of the hardware of this em- 
bodiment is identical to that of the first embodiment, but 
the controller 4 performs the initial supercharging 

20 processing routine shown in FIG. 1 0 instead of the initial 
supercharging processing routine of FIG. 2. 
[01 01] This routine is also performed at an interval of 
ten milliseconds during operation of the engine 12. 
[0102] Referring to FIG. 10, first in a step S100, the 

25 controller 4 determines whether or not acceleration of 
the engine 12 is required. 

[0103] This determination is identical to the determi- 
nation of the step S11 of FIG. 2. 
[0104] As operation of the compressor 2a is unnec- 

30 essary when acceleration of the engine 12 is not re- 
quired, the controller 4 opens the bypass vafve 3 in a 
step S1 03, stops operation of the compressor 2a in a 
step S1 04, and terminates the routine. 
[01 05] The processing of the Steps S1 03 and S1 04 is 

35 equivalent to the processing of the Steps S20 and S21 
of FIG. 2. 

[0106] When acceleration of the engine 12 is required 
in the step S1 00, the controller 4 determines whether or 
not the compressor 2a is being operated in a step S1 01 . 

40 [0107] This determination is identical to the determi- 
nation of the step S14 of FIG. 2. 
[0108] When the compressor 2a is not being operat- 
ed, in a step S102, the controlled energizes the electric 
motor 2b to start the compressor 2a, and terminates the 

45 routine. 

[0109] This processing is identical to the processing 
of the step S16of FIG. 2. 

[01 1 0] If the compressor 2a is already operating, the 
controller 4 determines, in a step S1 05, whether or not 

so the bypass valve 3 is open. This determination is iden- 
tical to the determination of the step S15 of FIG. 2. 
[0111] When the bypass valve 3 is open, in a step 
S106, a target rotation speed NT of the compressor 2a 
is calculated from the air flowrate Qa detected by the air 

55 flowmeter 5. 

[0112] Herein, it is preferable that the bypass vafve 3 
completes the closing operation at the timing where all 
the intake air of the engine 12 has been supplied from 
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the compressor 2a, or the intake air flowrate Qa has be- 
come equal to the discharge flowrate Qs of the com- 
pressor 2a. The relation of the rotation speed Nc of the 
compressor 2a and the discharge flowrate Qs may be 
roughly expressed by the following equation (3): 5 

Qs=COEFA.Nc (3) 

where, COEFA - conversion factor. 
[0113] Herein, the rotation speed A/cof the compres- 
sor 2a when the discharge flowrate Qs of the compres- 
sor 2a is equal to the intake air volume Qa of the engine 
1 2, is the target rotation speed NT 
[01 14] If the above delay in the closure of the bypass 
valve 3 is represented by a delay time T and a closure 
signal is outputted to the actuator 3b of the bypass valve 
3 at a time obtained by deducting the delay time 7f rom 
the time when the rotation speed of the compressor 2a 
reaches the target rotation speed NT, closure of the by- 
pass valve 3 will be completed when the intake air flow- 
rate Qa becomes equal to the discharge flowrate Qs, 
[0115] After calculating the target rotation speed NT 
in the step S1 06, the controller 4, in a step S1 07, calcu- 
lates the predicted rotation speed NFo1 the compressor 
2a after the delay time T has elapsed from the present 
time by performing the subroutine shown in FIG. 11 . 
[0116] Referring to FIG. 1 1 , in a step S201 , the con- 
troller 4 reads the rotation speed Nc of the compressor 
2a detected by the rotation speed sensor 11 . 
[0117] In a following step S202, the controller 4 cal- 
culates the difference of the rotation speed Nc of the 
compressor 2a, and a rotation speed Nc^ of the com- 
pressor 2a read on the immediately preceding occasion 
when the subroutine was executed as an increase rate 
AM? of the rotation speed of the compressor 2a. 
[0118] In a following step S203, the controller 4 reads 
a detection voltage Vof a voltmeter 33, and a detection 
current / of an ammeter 34. 

[0119] In a following step S204, the controller 4 cal- 
culates a rotation increase rate prediction value ANMAP 
during the delay time T from the rotation speed Nc of 
the compressor 2a by looking up a map having the char- 
acteristics shown in FIG.1 2 which is prestored in a mem- 
ory (ROM). 

[0120] In this map, the rotation increase rate predic- 
tion value ANMAP becomes smaller as the rotation 
speed Nc of the compressor 2a increases, as shown in 
FIG. 12. As the output torque of the electric motor 2b 
which drives the compressor 2a falls according to the 
rise of rotation speed, the rotation increase rate per unit 
time becomes smaller with increasing rotation speed, 
as shown in FIG. 3. 

[0121] This is why, in FIG. 12 the rotation increase 
rate prediction value ANMAP becomes smaller as the 
rotation speed Nc increases. 

[0122] In a following step S205, the controller 4 cor- 
rects the rotation increase rate prediction value ANMAP 



by the following equation (4) using a real rotation in- 
crease rate ANc This correction corrects for the change 
of the rotation increase rate of the electric motor 2b due 
to the effect of the load fluctuation of the electric motor 
2b, or the time-dependent variation in the performance 
of the electric motor 2b. 

[0123] The rotation increase rate prediction value af- 
ter compensation is taken as AN1. 

AA/t=AWM4P.£Jg (4) 

where, ANO - reference rotation increase rate. 
[0124] The controller 4 performs the calculation of 
equation (4) after calculating the reference rotation in- 
crease rate ANO from the rotation speed Nc of the com- 
pressor 2a by looking up a map having the characteris- 
tics shown in FIG. 14 which is prestored in an internal 
memory (ROM). This map is set so that the reference 
rotation increase rate ANO decreases as the rotation 
speed Nc increases. 

[0125] In afollowingstepS206 F thecontroller4further 
corrects the rotation increase rate prediction value AN1 
by the following equation (5) based on the current I sup- 
plied to the electric motor 2b. 
[01 26] This correction corrects for the variation of the 
rotation increase rate of the electric motor 2b according 
to the current/. The rotation increase rate prediction val- 
ue after compensation is taken as AN2. 

AN2=ANL± (5) 

where, 10= reference current value. 
[0127] The controller 4 performs the calculation of 
equation (5) after calculating the reference current value 
10 from the rotation speed Nc of the compressor 2a by 
looking up a map having the characteristics shown in 
FIG. 15 stored beforehand in the internal- memory 
(ROM). This map is set so that the reference current val- 
ue 10 decreases as the rotation speed Nc increases. 
[0128] In a following step S207, the controller 4 also 
corrects the rotation increase rate prediction value AN2 
by the following equation (6) based on the voltage Vsup- 
plied to the electric motor 2b. This corrects the variation 
of the rotation increase rate prediction value of the elec- 
tric motor 2b according to the voltage V. 
[01 29] The rotation increase rate prediction value af- 
ter correction is set to AN3. 

AN3 = AN2^- Q (6) 

where, V0= reference voltage value. 
[0130] The controller 4 performs the calculation of 
equation (6) after calculating the reference voltage val- 
ue V0 from the rotation speed Nc of the compressor 2a 
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by looking up a map having the characteristics shown 
in FIG. 16 stored beforehand in the internal memory 
(ROM). This map is set so that the reference voltage 
value VO increases as the rotation speed Nc increases. 
[01 31 J It is not absolutely necessary to perform all the 5 
corrections of the steps S205-S207, and a setting which 
performs only one or two of the corrections of the steps 
S205-S207, or a setting which does not perform correc- 
tion, are also possible. 

[01 32] I n a following step S208, the predicted rotation 10 
speed A/Fafter the delay time T passes is calculated by 
the following equation (7) using the rotation increase 
rate prediction value AN3. 

15 

NF= Nc + A/V3 • T (7) 

[01 33] After the processing of the step S208, the con- 
troller 4 terminates the subroutine. 

[0134] Referring again to FIG. 10, after calculating 20 
the-predicted rotation speed NF in the step S107. the 
controller 4, in a step S108, determines whether or not 
the predicted rotation speed AfFhas reached the target 
rotation speed NT. When the predicted rotation speed 
NF has reached the target rotation speed NT, the -con- 25 
troller 4 closes the bypass valve 3 in a step S109, and 
terminates the routine. When the predicted rotation 
speed A/Fhas not reached the target rotation speed NT, 
the controller 4 terminates the routine without perform- 
ing the processing of the step S1 09. 30 
[0135] The change of the rotation speed Nc of the 
compressor 2a and the change in the opening of the by- 
pass valve 3 due to the execution of this routine will now 
be described referring to FIGs. 13A-13E. 
[0136] First, as shown in FIG.13A, if an acceleration 35 
requirement is detected in the step S100 at a time to, 
the controller 4 t as shown in FIG. 13B, immediately 
switches on power to the electric motor 2b, and starts 
operation of the compressor 2a. 

[01 37] As a result, as shown in FIG. 1 3C, the rotation 40 
speed Nc of the compressor 2a rises, and the predicted 
rotation speed NF reaches the target rotation speed NT 
at a time f 1. 

[0138] At this point, as shown in FIG.13D, the control- 
ler 4 outputs a closure signal to the actuator 3b of the 45 
bypass valve 3. As a result, the bypass valve 3 rotates 
in the closure direction, and at a time 22 when the delay 
time Thas elapsed since the time 1 1, the rotation speed 
Nc of the compressor 2a reaches the target rotation 
speed NT, and closure of the bypass valve 3 is complet- so 
ed simultaneously. 

[0139] Thus, since closure of the bypass valve 3 is 
completed in synchronism with the attainment of the tar- 
get rotation speed NT the compressor 2a, the air dis- 
charged by the compressor 2a does not flow backwards 55 
from the bypass valve 3 to the intake passage 20. There- 
fore, closure of the bypass valve 3 does not lead to a 
change in the intake air flowrate of the engine 12, and 



the output torq ue of the engine 1 2 does not vary in step- 
wise fashion. 

[0140] Next, referring to FIG. 17, an eighth embodi- 
ment of this invention will be described. 
[01 41] This embodiment is an embodiment relating to 
a method of calculating the predicted rotation speed NF 
by the controller 4 in the step S107 of FIG. 8. 
[01 42] The construction of the hardware of the super- 
charging device is identical to that of the supercharging 
device according to the seventh embodiment. 
[0143] In this embodiment, as shown in FIG. 17, it is 
considered that the rotation speed increase rate of the 
compressor 2a is fixed. According to this diagram, the 
rotation speed difference AA/can be calculated from the 
delay time 7". The delay time Tcan be found beforehand 
by experiment. Therefore, the rotation speed difference 
AN is given as a fixed value. The controller 4 according 
to this embodiment, in the step S1 07, calculates the pre- 
dicted rotation speed NF by adding the rotation speed 
difference AN to the initial value rVOof the rotation speed 
when the compressor 2a is started. 
[01 44] According to this embodiment, the same effect 
as that of the seventh embodiment can be obtained by 
means of a simple construction. 
[01 45] Next, referring to FIGs. 1 8-21 , a ninth embod- 
iment of this invention will be described. 
[01 46] Referring to FIG. 1 8, the supercharging device 
according to this embodiment is provided with an open- 
ing and closing sensor 53 which detects whether the by- 
pass valve 3 is in the closed position, an engine rotation 
speed sensor 48 which detects the rotation speed Ate of 
the engine 12, a voltmeter 49 which detects a power 
generation voltage V7of an alternator, a SOC sensor 55 
which detects a state of charge SOC of a battery, and 
an accelerator pedal depression sensor 56 which de- 
tects a depression amount Acc of an accelerator pedal 
with which the vehicle is provided. The voltmeter 49 de- 
tects the voltage V7 as a value representing the gener- 
ated power of the alternator. 

[0147] The throttle speed sensor 31 is also replaced 
by a throttle opening sensor 54 which detects the open- 
ing TVO of the throttle 31a. The alternator is an AC gen- 
erator driven by the engine 12, while the battery stores 
the generated power of the alternator, and supplies the 
power to the electric motor 2b. The detection data of 
these sensors are inputted to the controller 4 as signals. 
The remaining hardware of the device is identical to that 
of the supercharging device of the first embodiment. 
[0148] The controller 4 according to this embodiment 
performs the initial supercharging control routine of the 
first embodiment, second embodiment or seventh em- 
bodiment, and diagnoses faults in the bypass valve 3 by 
performing the routine for fault diagnosis of the bypass 
valve 3 shown in FIGS. 19 and 20. It also performs the 
fault processing routine shown in FIG. 21 to ensure that 
the intake air amount of the engine 12 is not deficient 
when there is a fault in the bypass valve 3. Herein, a 
fault of the bypass valve 3 means that the bypass valve 
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3 does not move from the closed position. 
[01 49] FIG. 1 9 shows the fault diagnosis routine in the 
steady state. This routine is performed at an Interval of 
ten milliseconds at the same time as the initial super- 
charging control routine while the engine 12 is operat- s 
ing. 

[0150] First, in a step S301, the controller 4 deter- 
mines-whether or not the engine 12 is in a steady state. 
Specifically, the state where the rotation speed Nc of the 
compressor 2a detected by the rotation speed sensor io 
1 1 is zero continues for a predetermined time, is deter- 
mined as the steady state. If the state is not the steady 
state, the controller 4 terminates the routine immediately 
without performing further processing. In the steady 
state, in step S302, the controller 4 determines whether 
or not a first fault condition is satisfied. 
[0151] The first fault condition is described below. 
[0152] If the bypass valve 3 is fixed in the closed po- 
sition, when the compressor 2a is not operated, or after 
a certain time has elapsed after termination of operation 20 
of the compressor 2a, the pressure of the intake pas- 
sage 21 downstream of the compressor 2a is a highly 
negative pressure. When the compressor 2a stops, air 
can hardly pass the compressor 2a or the bypass valve 
3 which is fixed in the closed position, so the flow of air 25 
from the intake passage 20 to the intake passage 21 will 
almost be shut off. If the engine 12 aspirates air in this 
state, the intake passage 21 will go to very high negative 
pressure. Therefore, in the step S302, it can be deter- 
mined whether or not this first fault condition is satisfied 30 
by determining whether or not the pressure detected by 
the pressure sensor 9 is less than a preset pressure. 
Herein, the present pressure is set to, for example, 10 
kilopascals (kPa). 

[01 53] When the first fault condition is satisfied in the 35 
step S302, the controller 4 performs the processing of 
a step S305. 

[0154] When the first fault condition is not satisfied, 
the control ler 4 determines whether or not a second fault 
condition is satisfied in a step S303. *o 
[01 55] The second fault condition is described below. 
[01 56] If the bypass valve 3 is fixed in the closed po- 
sition, when the compressor 2a is not operated, or after 
a certain time has elapsed after termination of operation 
of the compressor 2a, the intake air flowrate Qa detect- 
ed by the air flowmeter 5 decreases compared to the 
intake air flowrate of the engine 12 during normal oper- 
ation which can be found from the opening TVO of the 
throttle 3 1a, and the rotation speed Ate of the engine 12. 
This is because, as air cannot pass either the compres- so 
sor 2a or the bypass valve 3, the intake air flowrate of 
the intake passage 6 falls. It can be determined whether 
or not the second fault condition is satisfied by deter- 
mining whether or not the intake air flowrate Qa is less 
than the intake air flowrate of the engine 1 2 calculated ss 
from the opening TVO of throttle 31a, and the rotation 
speed Ate of the engine 12. 

[01 57] When the second fault condition is satisfied in 



the step S303, the controller 4 performs the processing 
of the step S305. When the second fault condition is not 
satisfied, the controller 4 determines whether or not a 
third fault condition is satisfied in a step S304. 
[01 58] The third fault condition is described below. 
[0159] When the compressor 2a is not operated, or 
after a certain time has elapsed after terminating oper- 
ation of the compressor 2a, even when the controller 4 
performs the initial supercharging control routine ac- 
cording to any of the first embodiment, second embod- 
iment or seventh embodiment, the valve 3 must be open 
as a result of the processing of the step S20 or step 
S103. 

[0160] However, when the bypass valve 3 is fixed in 
the closed position regardless of the processing of the 
step S20 or step S1 03, the signal inputted into the con- 
troller 4 from the opening and closing sensor 53 contin- 
ues showing the closed position. Therefore, in the 
steady state, the controller 4 determines that the third 
fault condition is satisfied when the signal of the opening 
and closing sensor 53 continues showing the closed po- 
sition. 

[01 61 ] When the third fault condition is satisfied in the 
step S304, the controller 4 performs the processing of 
the step S305. 

[0162] When the third fault condition is not satisfied, 
the controller 4 terminates the routine. 
[0163] As mentioned above, in the determination of 
the steps S302-S304, if any of the first-third fault condi- 
tions is satisfied, the controller 4 will perform the 
processing of the step S305. When none of the first-third 
fault conditions is satisfied, the controller 4 terminates 
the routine without performing anything. In the step 
S305, the controller 4 sets a fault flag F showing that a 
fault occurred in the bypass valve 3 to unity, and termi- 
nates the routine. The fault flag F takes the value of ei- 
ther zero or unity, and its initial value is zero. 
[0164] Next, referring to FIG. 20, the fault diagnosis 
routine immediately after supercharging stops will be 
described. 

[01 65] This routine is performed only once when pow- 
er supply to the electric motor 2a from the controller 4 
is stopped. 

[0166] First, in a step S401, the controller 4 deter- 
mines whether or not the compressor 2a has stopped 
based on the detection speed Nc of the rotation speed 
sensor 11 . When the compressor 2a has not stopped, 
fault diagnosis of the bypass valve 3 is difficult, so the 
controller 4 terminates the routine immediately without 
performing further processing. 
[0167] When the compressor 2a has stopped, the 
controller 4, in a step S402, determines whether or not 
the first fault condition is satisfied. When the first fault 
condition is not satisfied, in a step S403, it is determined 
whether or not the second fault condition is satisfied. 
When thesecond fault condition is not satisfied, in astep 
S404, it is determined whether or not the third fault con- 
dition is satisfied. The first-third fault conditions are iden- 
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tical to thefirst-third fault conditions of the routine of FIG. 
19. 

[01 68] When one of the fault conditions is satisfied, in 
a step S406, the controller 4 sets the fault flag Fto unity 
and terminates the routine. When any of the first-third 5 
fault conditions is not satisfied, in the step S405, the con- 
troller 4 determines whether or not a predetermined time 
has elapsed since starting execution of the routine. If 
the predetermined time has not elapsed, the determina- 
tion of the steps S402-404 is repeated 1 . If the predeter- 
mined time has elapsed in the step S405, the controller 
4 terminates the routine. 

[01 69] The fault diagnosis algorithms of the routine of 
FIG. 19 and the routine of FIG.20 are identical, and the 
reason for separating them is as follows. Specifically, 
whereas according to the steady state routine of FIG. 
1 9, diagnosis is performed periodically, in the routine im- 
mediately after supercharging stops of FIG.20, diagno- 
sis is repeated at a shorter interval during a transition 
period from when the compressor 2a stops until a pre- 
determined time has elapsed. Thus, by separating the 
routines and shortening the diagnostic interval immedi- 
ately afterthe compressor 2a stops, a fault of the bypass 
valve 3 can be immediately detected. 
[01 70] In the routines of FIGs. 1 9 and 20, to enhance 
determination accuracy, the first-third fault conditions 
are determined, but the order of these determinations 
can be set arbitrarily. Also, the fault flag Fmay be set 
by determining only one or two of thefirst-third fault con- 
ditions. 

[01 71 ] Among the first-third fault determinations, the 
determination of the first fault condition uses the detec- 
tion pressure of the pressure sensor 9. The pressure 
sensor 9 is a sensor which detects the pressure P2 used 
for the initial supercharging control routine as mentioned 
above, and the fault condition can be determined using 
the existing sensor. For the determination of the second 
fault condition, the detection data from the air flowmeter 
5, throttle opening sensor 54 and-engine rotation speed 
sensor 48 are used. These sensors are generally used 
for the usual operation control of the engine 12, and the 
fault condition can be determined using the existing sen- 
sors. For the determination of the third fault condition, 
the closed position signal of the bypass valve 3 detected 
by the opening and closing sensor 53, is used. This sen- 
sor must be provided for fault diagnosis, and as it directly 
detects whether or not the bypass valve 3 is closed, the 
fixing of the bypass valve 3 in the closed position can 
be detected without fail. 

[0172] Next, referring to FIG.21 , the fault processing 
routine performed by the controller 4 will be described. 
This routine is also performed at an interval often milli- 
seconds at the same time as the initial supercharging 
control routine during operation of the engine 12. 
[0173] First, in a step S501, the controller 4 deter- 
mines whether or not the fault flag Fis unity. When the 
fault flag F is not unity, a fault has not occurred in the 
bypass valve 3, so the controller 4 terminates the routine 



immediately without performing further processing. 
When the fault flag Fis unity, in a step S502, the con- 
troller 4 determines the state of charge SOC of the bat- 
tery based on the input signal from the SOC sensor 55. 
When SOC is more than a predetermined value, the 
controller 4 performs processing of a step S503. 
[0174] When SOCis less than a predetermined value, 
the controller 4 determines whether or not the genera- 
tion voltage VI of the alternator detected by the ammeter 
49 in the step S506 is more than a predetermined volt- 
age. When the generation voltage Vi is more than the 
predetermined voltage, the controller 4 performs the 
processing of a step S503. 

[01 75] In the step S503, the controller 4 determines a 
target running speed of the vehicle based on the accel- 
erator depression amount Acc detected by the acceler- 
ator pedal depression sensor 56. 
[01 76] After the processing of the step S503, the con- 
troller 4 performs the processing of a step S504. 
[0177] On the other hand, in a step S506, when the 
generation voltage Vi is less than the predetermined 
voltage in a step S507, the controller 4 determines the 
target running speed of the vehicle based on the accel- 
erator pedal depression amount Acc detected by the ac- 
celerator pedal depression sensor 56. In a following step 
S508, the controller 4 reduction corrects the target run- 
ning speed according to the generation voltage Vi. After 
the processing of the step S508, the controller 4 per- 
forms the processing of a step S504. 
[01 78] In the step S504, the controller 4 supplies pow- 
er to the electric motor 2b so that an intake air volume 
corresponding to the target running speed may be real- 
ized. After the processing of the step S504, the control- 
ler 4 terminates the routine. 

[0179] If the fault flag F Is set to unity by the above 
process, the controller 4 supplies power to the electric 
motor 2b within a range permitted by the battery capac- 
ity or the alternator generation power, and operates the 
compressor 2a accordingly. In this way, the air amount 
supplied to the engine 12 is secured so that a running 
speed corresponding to the accelerator pedal depres- 
sion may be realized. Therefore, even when the bypass 
valve 3 is fixed in the closed position, the vehicle can 
run at a speed corresponding to the accelerator pedal 
depression. 

[0180] Herein, the accelerator pedal depression rep- 
resents the speed intended by the driver of the vehicle. 
[01 81 ] On the other hand, when there is not much bat- 
tery capacity or alternator power available to drive the 
electric motor 2b, the target running speed is reduction 
corrected, and the power according to the running 
speed after correction is supplied to the electric motor 
2b. By repeatedly performing this routine, the target run- 
ning speed gradually falls. 

[01 82] Thus, since air is supplied to the engine 1 2 us- 
ing available electric energy even if the bypass valve 3 
is fixed in the closed position, the operation of the engine 
12 does not stop immediately, and the vehicle can be 
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driven to a place where the fault can be repaired. 
[0183] In this embodiment, as the state of charge 
SOC of the battery is detected, it is possible also to de- 
tect the deterioration of the battery itself at an early 
stage. 

[01 84] Next, referring to FIG. 22, a tenth embodiment 
of this invention will be described. 
[01 85] This embodiment relates to the fault process- 
ing routine, wherein the controller 4 performs the fault 
processing routine shown in FIG. 22 instead of the fault 
processing routine shown in FIG. 21. The remaining 
construction of the supercharging device of this embod- 
iment is identical to that of the supercharging device ac- 
cording to the ninth embodiment. 
[0186] Referring to FIG. 22, this routine omits the 
Steps S502, S503 and steps S506-S508 from the rou- 
tine of FIG. 21 , and replaces the step S504 by a step 
S604. In the step S501, the controller 4 determines 
whether or the fault determination flag Fis unity. When 
the fault flag Fis not unity, the routine is terminated im- 
mediately. When the fault flag Fis unity, the controller 4 
supplies power to the electric motor 2b in the step S604 
and operates the compressor 2a. 
[01 87] In this case, the power supplied to the electric 
motor 2b is a constant value set based on the intake air 
amount of the engine 12 required for the vehicle to run 
on its own. 

[0188] According to this embodiment, when the by- 
pass valve 3 is fixed in the closed position, the electric 
motor 2b is driven so that an air amount sufficient for the 
vehicle to run on its own is supplied to the engine 12 
regardless of the state of the battery or alternator, or the 
driver's intention, so the distance which can be run after 
the bypass valve 3 is fixed in a closed position becomes 
longer than in the supercharging device according to the 
ninth embodiment. 

[01 89] The contents of Tokugan 2002-238894 with a 
filing date of August 20, 2002, Tokugan 2002-338999 
with a filing date of November 22, 2002, Tokugan 
2003-044794 with a filing date of February 21, 2003, 
Tokugan 2003-016201 with a filing date of January 24, 
2003 and Tokugan 2003-021667 with a filing date of 
January 30, 2003 in Japan, are hereby incorporated by 
reference. 

[0190] Although the invention has been described 
above by reference to certain embodiments of the in- 
vention, the invention is not limited to the embodiments 
described above. Modifications and variations of the 
embodiments described above will occur to those ski lied 
in the art, in light of the above teachings. 
[0191] For example, in each of the above embodi- 
ments, the parameters required for control are detected 
using sensors, but this invention can be applied to any 
supercharging device which can perform the claimed 
control using the claimed parameters regardless of how 
the parameters are acquired. 

[0192] The embodiments of this invention in which an 
exclusive property or privilege is claimed are defined as 



follows: 



Claims 

5 

1. A supercharging device for an internal combustion 
engine (12), the engine (12) comprising an intake 
passage (6, 20, 21), the device comprising: 

10 a first compressor (1a) installed in the intake 

passage (6, 20, 21), the compressor (1 a) being 
driven by exhaust gas energy and supercharg- 
ing intake air in the intake passage (6, 20, 21); 
a second compressor (2a) installed in the in- 
to take passage (20, 21) between the first com- 
pressor (1a) and engine (12), the second com- 
pressor (2a) being driven by an electric motor 
(2b) and supercharging air discharged from the 
first compressor (1a); and a bypass valve (3) 
20 which bypasses the second compressor (2a), 
the bypass valve (3) being open when the sec- 
ond compressor (2a) is not operating, and start- 
ing to close at a certain time after the second 
compressor (2a) starts to operate. 

25 

2. The supercharging device as defined in Claim 1 , 
wherein the supercharging device further compris- 
es a sensor (5,11, 20, 32, 33, 34, 40) which detects 
a flowrate parameter relating to an air flowrate of 

30 the bypass valve (3), and a programmable control- 
ler (4) programmed to determine whether or not the 
flowrate of the bypass valve (3) is zero based on 
the flowrate parameter (S17, S17A), and starts 
closing the bypass valve (3) when the air flowrate 

35 of the bypass valve (3) is zero. 

3. The supercharging device as defined in Claim 2, 
wherein the flowrate parameter detecting sensor (5, 
11, 20, 32, 33, 34, 40) comprises an air flowmeter 

40 (5) which detects a total intake air flowrate of the 
engine (12), a pressure sensor which detects a 
pressure of the intake passage (20) upstream of the 
bypass valve (3), a rotation speed sensor (1 1 ) which 
detects a rotation speed of the compressor (2a), 

45 and an air temperature sensor (32) which detects a 
temperature of the air pressurized by the compres- 
sor (2a), and the controller (4) is further pro- 
grammed to calculate a discharge flowrate of the 
second compressor (2a) from the pressure up- 

50 stream of the bypass valve (3), the rotation speed 
of the compressor (2a) and the temperature of the 
air pressurized by the second compressor (2a), and 
determine that the air flowrate of the bypass valve 
(3) is zero when the discharge flowrate of the sec- 

55 ond compressor (2a) is equal to the* total intake air 
flowrate of the engine (12) (S17). 

4. The supercharging device as defined in Claim 2, 
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wherein the f lowrate parameter detecting sensor (5, 
11, 20, 32, 33, 34, 40) comprises a sensor (40) 
which detects an airf lowrate of the bypass valve (3). 

5. The supercharging device as defined in Claim 2, 
wherein the supercharging device further compris- 
es an electric motor (2b) which drives the second 
compressor (2a), the flowrate parameter detecting 
sensor (5, 11, 20, 32, 33, 34, 40) comprises an air 
flowmeter (5) which detects a total intake air flow- 
rate of the engine (12), a voltmeter (33) which de- 
tects a voltage supplied to the electric motor (2b) 
and an ammeter (34) which detects a current sup- 
plied to the electric motor (2b), and the controller 
(4) is further programmed to calculate a rotation 
speed of the electric motor (2b) from the voltage and 
current supplied to the electric motor (2b), calculate 
a rotation speed of the second compressor (2a) 
from the rotation speed of the electric motor (2b), 
calculate a discharge flowrate of the second com- 
pressor (2a) from a predetermined discharge flow- 
rate per unit rotation of the second compressor (2a) 
and the rotation speed of the second compressor 
(2a), and determine that the air flowrate of the by- 
pass valve (3) is zero when the discharge flowrate 
of the second compressor (2a) is equal to the total 
intake air flowrate of the engine (1 2) (S1 7). 

6. The supercharging device as defined in any one of 
Claim 2 through Claim 5, wherein the supercharg- 
ing device further comprises a pressure sensor (8) 
which detects a first pressure of the intake passage 
(20) between the first compressor (1 a) and second 
compressor (2a), a pressure sensor (9) which de- 
tects a second pressure of the intake passage (21) 
between the second compressor (2a) and engine 
(12), and the programmable controller (4) is further 
programmed to compare the first pressure and the 
second pressure (S1 8), and when the first pressure 
is more than the second pressure during operation 
of the second compressor (2a), open the bypass 
valve (3)(S20) and stop operation of the second 
compressor (2a)(S21). 

7. The supercharging device as defined in any one of 
Claim 2 through Claim 6, wherein the engine (12) 
further comprises a throttle (31a) which adjusts a 
total intake air flowrate of the engine (12), the su- 
percharging device further comprises a sensor (31 ) 
which detects an operation speed of the throttle 
(31a), and the controller (4) is further programmed 
to start the second compressor (2a) when the op- 
eration speed of the throttle (31a) is more than a 
predetermined speed (S1 1 , S1 6). 

8. The supercharging device as defined in Claim 2, 
wherein the internal combustion engine (12) is an 
engine which drives a vehicle, the vehicle compris- 



ing an accelerator pedal, the supercharging device 
further comprises a sensor which detects an accel- 
erator pedal depression amount, and the controller 
(4) is further programmed to start the second com- 
5 pressor (2a) when the accelerator pedal depression 
amount is more than a predetermined amount (S1 1 , 
S16). 

9. The supercharging device as defined in Claim 1 , 
10 wherein the supercharging device further compris- 
es a sensor (5) which detects a total intake airflow- 
rate of the engine (12), and a programmable con- 
troller (4) programmed to calculate a target rotation 
speed of the second compressor (2a) according to 

15 the total intake air flowrate of the engine (1 2) (S6), 
calculate a predicted rotation speed of the second 
compressor (2a) after a predetermined time has 
elapsed from the present time (S107), and start to 
close the bypass valve (3) when the predicted rota- 

20 tion speed has reached the target rotation speed 
(S108, S109). 

10. The supercharging device as defined in Claim 9, 
wherein the predetermined time is set equal to the 

25 time required for closure of the bypass valve (3). 

11. The supercharging device as defined in Claim 9 or 
Claim 1 0, wherein the supercharging device further 
comprises a sensor (11) which detects a rotation 

30 speed of the second compressor (2a) , and the con- 
troller (4) is further programmed to calculate the 
predicted rotation speed based on the rotation 
speed of the second compressor (2a) (S204). 

35 12. The supercharging device as defined in Claim 11, 
wherein the controller (4) is further programmed to 
calculate a rotation increase rate estimation value 
from the rotation speed of the second compressor 
(2a) at the present time, the rotation increase rate 

40 estimation value decreasing according to an in- 
crease of the rotation speed of the second compres- 
sor (2a), and calculate the predicted rotation speed 
from the rotation increase rate estimation value and 
the rotation speed of the second compressor (2a) 

45 at the present time (S204). 

13. The supercharging device as defined in Claim 11, 
wherein the controller (4) is further programmed to 
calculate a real rotation increase rate from the ro- 

so tation speed of the second compressor (2a), and 
correct the rotation increase rate estimation value 
based on the real rotation increase rate (S205). 

14. The supercharging device as defined in any one of 
55 Claim 11 through Claim 13, wherein the super- 
charging device further comprises a drive motor 
(2b) which drives the second compressor (2a) and 
a sensor (34) which detects a current supplied to 
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the electric motor (2b), and the controller (4) is fur- 
ther programmed to correct the predicted rotation 
speed based on the current supplied to the electric 
motor (2b) of the second compressor (2a) (S206). 

5 

15. The supercharging device as defined in any one of 
Claim 11 through Claim 14, wherein the super- 
charging device further comprises a drive motor 
(2b) which drives the second compressor (2a) and 

a sensor (33) which detects a voltage supplied to 10 
the electric motor (2b), and the controller (4) is fur- 
ther programmed to correct the predicted rotation 
speed based on the voltage supplied to the electric 
motor (2b) of the second compressor (2a) (S207). 

15 

16. The supercharging device as defined in Claim 1, 
wherein the supercharging device further compris- 
es an air flowmeter (5) which detects a total intake 
airfiowrate of the engine (12), and a programmable 
controller (4) programmed to calculate a target ro- 20 
tation speed of the second compressor (2a) accord- 
ing to the total intake air flowrate (S6), calculate a 
predicted rotation speed of the second compressor 
(2a) after a predetermined time has elapsed from 
startup of the second compressor (2a) (S1 07), and 25 
start closure of the bypass valve (3) when the target 
rotation speed coincides with the predicted rotation 
speed (S108, S109). 

1 7. The supercharging device as defined in any one of 30 
Claim 1 through Claim 16, wherein the supercharg- 
ing device further comprises a sensor (5, 9, 48, 49, 

53, 54) which detects a parameter relating to fixing 
of the bypass valve (3) in a closed position, and a 
programmable controller (4) programmed to deter- 35 
mine whether or not the bypass valve (3) is fixed in 
the closed position based on the parameter 
(S302-S304, S402, S404), and supply power to the 
electric motor (2b) to operate the second compres- 
sor (2a) when the bypass valve (3) is fixed in the *o 
closed position (S504. S604). 

18. The supercharging device as defined in Claim 17, 
wherein the controller (4) is further programmed to 
perform a determination as to whether or not the 45 
bypass valve (3) is fixed in the closed position at a 
fixed interval after a predetermined time has 
elapsed from startup of the second compressor (2a) 
(S302-S304), and perform the determination at a 
shorter interval than the fixed time interval until the so 
predetermined time has elapsed from startup of the 
second compressor (2a) (S402-S404). 

1 9. The supercharging device as defined in Claim 1 7 or 
Claim 18, wherein the controller (4) is further pro- 55 
grammed to supply a fixed power to the electric mo- 
tor (2b) when the bypass valve (3) is fixed in the 
closed position. 



20. The supercharging device as defined in Claim 1 7 or 
Claim 1 8, wherein the internal combustion engine 
(12) is an engine (12) which drives a vehicle, the 
vehicle comprising an accelerator pedal, the super- 
charging device further comprises a sensor (53) 
which detects an accelerator pedal depression, and 
the controller (4) is further programmed to set a tar- 
get running speed of the vehicle according to the 
accelerator pedal depression (S503), and to supply 
power to the electric motor (2b) according to the tar- 
get running speed (S504). 

21 . The supercharging device as defined in any one of 
Claim 1 7 through Claim 20, wherein the vehicle fur- 
ther comprises an alternator driven by the engine 
(12) and a battery which stores power generated by 
the alternator and supplies power to the electric mo- 
tor (1 2), the supercharging device further compris- 
es a sensor (55) which detects a state of charge of 
the battery and a sensor (49) which detects a power 
generation state of the alternator, and the controller 
(4) is further programmed to decrease the target 
running speed when the state of charge of the bat- 
tery has not reached a predetermined state of 
charge and the power generation state of the alter- 
nator has not reached a predetermined power gen- 
eration state (S502, S506, S508). 

22. The supercharging device as defined in any one of 
Claim 17 through Claim 21 , wherein the parameter 
detecting sensor (5, 9, 48, 49, 53, 54) comprises a 
pressure sensor (9) which detects a pressure of the 
intake passage (21) between the second compres- 
sor (2a) and the engine (12), and the controller (4) 
is further programmed to determine that the bypass 
valve (3) is fixed in the closed position when the 
pressure is equal to or less than a predetermined 
pressure after the operation of the second compres- 
sor (2a) has stopped (S302, S304). 

23. The supercharging device as defined in any one of 
Claim 17 through Claim 22, wherein the internal 
combustion engine (12) is an engine (12) which 
drives a vehicle, the vehicle comprising an acceler- 
ator pedal, the engine (12) comprises a throttle 
(31a) which is installed in the intake passage (21) 
downstream of the bypass valve (3) and increases 
or decreases a total intake air flowrate of the engine 
(12) according to an operation of the accelerator 
pedal, the parameter detecting sensor (5, 9, 48, 49, 
53, 54) comprises an air flowmeter (5) which de- 
tects the total intake air flowrate of the engine (12), 
a rotation speed sensor (48) which detects a rota- 
tion speed of the engine (1 2), and a throttle opening 
sensor (54) which detects an opening of the throttle 
(31a), and the controller (4) is further programmed 
to determine that the bypass valve (3) is fixed in the 
closed position when the total intake airfiowrate de- 
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tected by the air flowmeter (5) when the operation 
of the second compressor (2a) has stopped is less 
than an intake air flowrate of the engine (12) calcu- 
lated from the rotation speed of the engine (12) and 
the opening of the throttle (31a) (S303. S304). 

24. The supercharging device as defined in any one of 
Claim 17 through Claim 23, wherein the parameter 
detecting sensor (5, 9, 48, 49, 53, 54) comprises an 
opening and closing sensor (53) which detects 
whether or not the bypass valve (3) is in the closed 
position, and the controller (4) is further pro- 
grammed to determine that the bypass valve (3) is 
fixed in the closed position when the bypass valve 
(3) is still in the closed position after the operation 
of the second compressor (2a) has stopped (S304, 
S404). 

25. The supercharging device as defined in any one of 
Claim 1 through Claim 24, wherein the supercharg- 
ing device further comprises a bypass passage (7) 
which connects the intake passage (20) upstream 
of the second compressor (2a) and the intake pas- 
sage (21) downstream of the second compressor 
(2a), the bypass valve (3) being provided in the by- 
pass passage (7), and an intercooler (45) which 
cools the intake air, the intercooler (45) being in- 
stalled in the intake passage (20) upstream of the 
second compressor (2a) between a branch point of 
the intake passage (20) with the bypass passage 
(7) and the first compressor (1 a). 

26. The supercharging device as defined in Claim 25, 
wherein the supercharging device further compris- 
es a second intercooler (46) which cools the intake 
air, the second intercooler (46) being installed in the 
intake passage (21) downstream of the second 
compressor (2a) between a branch point of the in- 
take passage (21) with the bypass passage (7) and 
the engine (12). 

27. The supercharging device as defined in Claim 1 , 
wherein the supercharging device further compris- 
es a bypass passage (7) which connects the intake 
passage (20) upstream of the second compressor 
(2a) and the intake passage (21 ) downstream of the 
second compressor (2a), the bypass valve (3) being 
provided in the bypass passage (7), a first intercool- 
er (45), installed in the intake passage (20) up- 
stream of the second compressor (2a) between a 
branch point of the intake passage (20) with the by- 
pass passage (7) and the second compressor (2a), 
and a second intercooler (46) installed in the intake 
passage (21) downstream of the second compres- 
sor (2a) between a branch point of the intake pas- 
sage (21) with the bypass passage (7) and the en- 
gine (12). 



28. The supercharging device as defined in any one of 
Claim 1 through Claim 27, wherein the supercharg- 
ing device further comprises a speed increase 
mechanism (42-44) which connects the second 
5 compressor (2a) and the electric motor (2b). 
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